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The supported clusters Pt-Ru/ç-Al2O3 were prepared by adsorption of the bimetallic precursor Pt3Ru6(CO)21-
(í3-H)(í-H)3 from CH2Cl2 solution onto ç-Al2O3 followed by decarbonylation in He at 300 °C. The resultant
supported clusters were characterized by infrared (IR) and extended X-ray absorption fine structure (EXAFS)
spectroscopies and as catalysts for ethylene hydrogenation and n-butane hydrogenolysis. After adsorption,
the îCO peaks characterizing the precursor shifted to lower wavenumbers, and some of the hydroxyl bands of
the support disappeared or changed, indicating that the CO ligands of the precursor interacted with support
hydroxyl groups. The EXAFS results show that the metal core of the precursor remained essentially unchanged
upon adsorption, but there were distortions of the metal core indicated by changes in the metal-metal distances.
After decarbonylation of the supported clusters, the EXAFS data indicated that Pt and Ru atoms interacted
with support oxygen atoms and that about half of the Pt-Ru bonds were maintained, with the composition
of the metal frame remaining almost unchanged. The decarbonylated supported bimetallic clusters reported
here are the first having essentially the same metal core composition as that of a precursor metal carbonyl,
and they appear to be the best-defined supported bimetallic clusters. The material was found to be an active
catalyst for ethylene hydrogenation and n-butane hydrogenolysis under conditions mild enough to prevent
substantial cluster disruption.
Introduction
Supported catalysts incorporating two noble metals are
important in technology. Examples include platinum catalysts
modified by a second metal, including Pt-Ir supported on Al2O3
for naphtha reforming1 and Pt-Rh supported on ceramic
monoliths for automobile exhaust conversion.2 Pt-Ru catalysts
on carbon are used in hydrogen fuel cells for automotive
applications.3 The second metal in a combination, although it
may be less active than the primary metal, may improve thermal
stability and resistance to deactivation (as in Pt-Ir) of the
catalyst as well as influencing catalytic activity and selectivity
by affecting the metal surface composition and distribution of
the atoms.4,5
Industrial bimetallic catalysts are prepared by deposition of
two metal salts on a support. This conventional method is
economical but results in particles or clusters of metal that are
nonuniform in size, structure, and composition. It is difficult to
prepare bimetallic catalysts in which the metals are not
segregated. Molecular precursors, in contrast, allow control over
the composition and structure of supported bimetallics.6-9 Many
potential bimetallic precursors, however, are unattractive because
they incorporate stabilizing ligands (e.g., phosphines) that remain
on the metal or the support after activation and act as catalyst
poisons and complicate structural characterization of the metal
species. Thus, it is advantageous to use precursors incorporating
only ligands such as hydride, alkyl, and CO, which may be
readily removed without substantial disruption of the metal
frame.
Such precursors include the family of Pt-Ru clusters,
exemplified by Pt2Ru4(CO)18, PtRu5C(CO)16, and Pt3Ru6(CO)21-
(í3-H)(í-H)3.10-13 Supported catalysts have been prepared from
all but the last of these precursors. The local environments
around the metal atoms in the supported samples can be
characterized by extended X-ray absorption fine structure
(EXAFS) spectroscopy.8,14 The available data show that after
adsorption of the precursor clusters on carbon supports followed
by decarbonylation, the resultant supported clusters were usually
larger than the metal core of the precursor, indicating that
aggregation had occurred.15-17 In contrast, when the precursor
Pt2Ru4(CO)18 was adsorbed on ç-Al2O3, EXAFS spectra showed
that the average decarbonylated cluster contained less than about
nine metal atoms, indicating that aggregation had occurred, but
to a markedly smaller degree than in the carbon-supported
samples.6
In an attempt to prepare uniform and well-defined supported
Pt-Ru clusters, we used a cluster precursor-support combina-
tion affording the opportunity to adsorb the precursor intact and
remove the ligands with minimal disruption of the metal frame.
Pt3Ru6(CO)21(í3-H)(í-H)3 was chosen to be the precursor
because it was expected to have a high reactivity with the
support ç-Al2O3, associated with its hydride ligands.
The crystal structure of the cluster has been determined and
shown to incorporate three triangular layers consisting of nine
metal atoms arranged in the form of a face-shared bi-
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